volcanic rocks in West Anatolian basins (e.g., the Denizli, Uşak, Bigadiç, and Sinanpaşa basins in the Afyon Zone) are interbedded with widespread Miocene fluvial-lacustrine deposits reaching more than 1000 m in thickness (Borsi et al., 1972; Fytikas et al., 1976; Ercan et al., 1985; Aydar et al., 2003; Karaoğlu and Helvacı, 2012; Prelevic et al., 2012 Prelevic et al., , 2015 .
The extensional tectonic regime by the Late Miocene had affected the entire Aegean region and West Anatolia (Şengör et al., 1985; Yılmaz et al., 2000; Doglioni et al., 2003; Işık et al., 2004; Çemen et al., 2006; Glodny and Hetzel, 2007) . Widespread volcanism accompanied the extension initiated in the Late Cretaceous to Early Paleogene by crustal thickening to the south of the Izmir-Ankara suture zone (Yılmaz, 1989; Savaşçın and Güleç, 1990; Güleç, 1991; Seyitoğlu et al., 1997; Aydar, 1998; Prelevic et al., 2012) . The Miocene-Quaternary volcanics in West and Central Anatolia are classified regionally, from the west to east, as the West Anatolian Volcanic Units (WAV), Kırka-Afyon-Isparta Volcanics (KAIV), and Central Anatolian Volcanic Units (CAV) (Savaşçın and Oyman, 1998) . Among them, the WAV and CAV commenced with calc-alkaline volcanism followed by alkaline volcanism (Yılmaz, 1990; Delaloye and Bingöl, 2000; Yılmaz et al., 2001) , whereas the KAIV represents alkaline volcanism (Güleç, 1991; Savaşçın et al., 1994) . The southward-younging volcanic rocks form a N-S structural lineament (Savaşçın and Oyman, 1998; Helvacı and Alonso, 2000; Çemen et al., 2006; Ersoy et al., 2008; Preleveic et al., 2012) related to the transform fault system separating the Hellenic and Cyprus subduction arcs (Savaşçın and Oyman, 1998) .
The present study focuses on the Neogene Sinanpaşa Graben/Basin located in the central part of this lineament, separating the Menderes Massif of West Anatolia and the Kırşehir Massif of Central Anatolia. The Sinanpaşa Graben is situated to the north of the Isparta Angle orocline, in the middle part of the Akşehir-Simav oblique-slip normal fault system trending NW-SE ( Figure 1 ; Koçyiğit and Deveci, 2005) . Keller (1983) suggested that alkaline volcanism in the Afyon Zone resulted from the crustal metasomatism brought about by lithospheric subduction in the Hellenic Trench. Şengör et al., 1985; Gürsoy et al., 2003; Çoban and Flower, 2007; Koçyiğit and Deveci, 2007b) and location of the present study area near Afyon (black frame). The ages of main volcanic fields (shaded and numbered) are: (1) Galatean volcanics, 20.8-17 Ma and 10.6-9.5 Ma (Keller et al., 1992; Wilson et al., 1997; Tankut et al., 1998) ; (2) Cappadocia volcanics, 9.12 ± 0.09 to 2.52 ± 0.49 Ma (Aydar et al., 2012) ; (3) Kırka volcanics, 21.0-18.8 Ma (Besang et al., 1977; Yalçın, 1988; Helvacı and Alonso, 2000) ; (4) Afyon volcanics, 14.75 ± 0.3 to 8.0 ± 0.6 Ma (Becker-Platen et al., 1977; Besang et al., 1977; Akal et al., 2013; Prelevic et al., 2015) ; (5) Isparta volcanics, 4.07-4.60 Ma (Lefevre et al., 1983; Platevoet et al., 2014 ) and 1.50 ± 0.18 to 1.38 ± 0.13 Ma (Nemec et al., 1998) ; and (6) Bigadiç volcanics, 23.5-17.8 Ma (Gündoğdu et al., 1989; Helvacı, 1995; Erkul et al., 2005) . The neotectonic volcanic grabens in West Anatolia contain economically important borate and other evaporite deposits. Borates formed in lacustrine environments with high salinity and alkalinity during periods of volcanic activity in the Early Neogene to Quaternary (Helvacı and Orti, 1998; Floyd et al., 1998; Helvacı and Alonso, 2000) . From west to east, the main borate deposits of Turkey are in the areas of Bigadiç-Sultançayırı (Balıkesir), Kestelek (Bursa), Emet (Kütahya), and Kırka (Eskişehir) (Figure 1) . Therefore, the West Anatolian Neogene Basinscombining lacustrine sedimentation and volcanic activity -have long been studied, including their stratigraphy and tectonic structure (Okay, 1984; Göncüoğlu et al., 1992 Göncüoğlu et al., , 1996 Okay and Tüysüz, 1999; Koçyiğit et al., 2000; Koçyiğit and Özacar, 2003; Gürsoy et al., 2003; Candan et al., 2005; Koçyiğit and Deveci, 2007b) as well as volcanism (Keller and Villari, 1972; Becker-Platen et al., 1977; Besang et al., 1977; Aydar, 1998; Francalanci et al., 2000; Aydar et al., 2003; Akal, 2008; Prelevic et al., 2012; Akal et al., 2013) . However, little modern sedimentological research has thus far been conducted. The Sinanpaşa Basin is highly representative of the region, as it shares many similarities with the other nearby Neogene basins, such as the İscehisar-Sandıklı, Akşehir, and Uşak Basins, including their origin as tectonic grabens, their fluvial-lacustrine paleoenvironment, and the interplay of sedimentation and volcanism. The aim of the present study is to reconstruct the pattern of sedimentation and associated volcanic activity. They are supported by sedimentary and volcanic facies in detail in the Sinanpaşa Basin. This study may thus serve as an instructive reference case for future research toward a better understanding of the West Anatolian Neogene basins as well as further regional exploration for mineral resources.
The Sinanpaşa Basin
The Neogene Sinanpaşa Basin, located on the eastern outskirts of the Aegean graben system (Figure 1 ), is separated from the adjacent İscehisar Basin to the east (Metin et al., 1987) and from the Sandıklı Basin to the south (Öztürk, 1981; Özgül et al., 1991) (Figure 2A ). To the north, the basin is bounded by the Mesozoic Loras formation (Şenel et al., 1994) . The Sinanpaşa Basin has a Paleozoic to Mesozoic bedrock typical of Afyon Province and is filled with Neogene, particularly Miocene, to Quaternary deposits ( Figures 2B and 3) . These rock assemblages are reviewed briefly in the following subsections.
Basin bedrock
The Afyon Zone (Okay, 1984) , extending from West to Central Anatolia, is tectonically bounded by the Menderes Massif to the south and the Tavşanlı Zone to the north. The Afyon Zone basement of the Sinanpaşa Basin is characterized by Paleozoic metamorphic rocks overlain unconformably by Mesozoic dolomitic limestone and marble (Özcan et al., 1988 Göncüoğlu et al., 1992 Göncüoğlu et al., , 1996 Candan et al., 2005) . These rocks, exposed to the north and south of the basin ( Figure 2B ), constitute the basin's bedrock overlain with a major stratigraphic gap by Neogene rocks.
Neogene rocks
Two phases of Neogene volcanic activity occurred in the Afyon Zone, differing in the type, products, and age of volcanism. The Early Miocene Seydiler Ignimbrite of the first phase, dated as 17.8 ± 0.6 Ma by Yalçın (1988) and 18.6 ± 0.5 Ma by Anderson (1997) , is widely exposed in the Eskişehir area of Bayat-İscehisar-Kırka (Aydar, 1998) . The exposure of these first volcanic products in the study area is limited to the south part of the Sinanpaşa Basin, where they occur on fluvial deposits along the Sandıklı road-cut section ( Figure 2B ). The second Middle-Late Miocene phase of volcanic processes, dated to 14.5-8.5 Ma (Besang et al., 1977) , had the form of stratovolcano-type activity accompanied by lacustrine sedimentation. The products of this volcanism are cropping out in the areas of Afyon, Şuhut, and Sinanpaşa ( Figure 2B ; Aydar and Bayhan, 1995) .
The Early Miocene sedimentation in the basin commenced in its NW part, in the Çalışlar-Karacaören area ( Figure 2B) , with fluvial-alluvial deposits (Konyalı, 1968; Öcal and Göktaş, 2011) . The Early to Middle Miocene fluvial deposits in the southern part of the basin, exposed around the village of Kırka ( Figure 2B ), are slightly younger, as they contain detritus of the Seydiler ignimbrite. The alluvial and subordinate lacustrine sedimentation was followed by the Middle to Late Miocene lacustrine sedimentation accompanied by the development of the Afyon stratovolcano (Besang et al., 1977; Öcal and Göktaş, 2011) . Volcanic activity largely ceased at the end of Miocene, when shallow lakes expanded, while being converted into peat-forming mires. The Neogene succession was overlain unconformably by the latest Miocene-Pliocene alluvium and then covered unconformably by Quaternary fluvial and alluvial fan deposits ( Figures 2B and 3 ).
Early Miocene deposits
The Early Miocene sediments in the study area are about 100 m in thickness (Konyalı, 1968) , unconformably overlie the pre-Cenozoic bedrock, and consist of fluvial and alluvial fan deposits ( Figure 3 ). Based on the mammalian fauna remains found in fluvial deposits exposed between the villages of Dumlupınar (Kütahya) and Banaz (Uşak), these deposits are correlated with the biozone MN4 (Saraç, 2003) , dated as 17-18 Ma (Steininger, 1999) .
Middle Miocene deposits
The Middle Miocene succession begins with alluvial fan deposits comprising dark yellow to orange conglomerates, pebbly sandstones, and sandstones passing laterally and Metin et al., 1987; Öcal and Göktaş, 2011 and structural elements from Koçyiğit and Deveci, 2007a) .
upwards into lacustrine deposits around Kırka ( Figure  2B ). The alluvial deposits unconformably overlie the Early Miocene Seydiler ignimbrite and basin bedrock and are 50 to 300 m in thickness (Metin et al., 1987) . The lacustrine deposits are mudstones and claystones with coal layers in the lower part and carbonate interbeds in the upper part. The presence of the swamp forms of the family Nyssaceae is known in Turkey, as well as the Alnus, Quercus, Castanea, Anacardiaceae, and Araliaceae forms representing a mixed forest environment, pointing to the Middle Miocene (Akıska, 2018) .
Late Miocene-Pliocene (?) deposits
The study area in the Middle to Late Miocene witnessed the second phase of volcanic activity, the Afyon volcanism ( Figure 3 ). The pyroclastic products of this volcanism, composed mainly of ignimbrites and nonwelded ash tuffs interbedded with lacustrine deposits, cover large parts of the region. Alluvial sedimentation prevailed during the postvolcanic period of the latest Miocene to Pliocene (Figure 3 ). Mammalian fauna in the lacustrine deposits in the N to NE part of the Sinanpaşa Basin ( Figure 2B ) correlates with biozones MN 7-8 (Becker-Platen et al., 1975a; Saraç, 2003) , dated as the end part of the Middle Miocene. An isotopic date of 11.6 ± 0.25 Ma from mammal fossilbearing tuffs (Besang et al., 1977) Postvolcanic sedimentation of coarse-grained alluvial deposits culminated in the deposition of thick alluvialplain mudstones around Kınık in the adjacent Sandıklı Basin, the southern neighbor of the Sinanpaşa Basin. Mammalian fauna in these mudstones indicates an Early Turolian age (Becker-Platen et al., 1975b) , but Saraç (2003) correlated this fauna with biozone MN13 (6.6-4.9 Ma; Steininger, 1999) of Late Turolian age. Therefore, it is almost certain that the postvolcanic alluvial sedimentation in the study area commenced in the Late Miocene and continued into the early Pliocene.
Materials and methods
Conventional field methods were applied, including detailed logging, measurement of bedding attitude and paleocurrent direction, photographing of outcrop details, and a line drawing of bedding architecture on outcrop photomosaics. Sedimentary facies (or lithofacies) are defined as the basic types of deposit distinguished on the descriptive basis of their bulk macroscopic characteristics (Harms et al., 1982; Walker, 1984) . Spatially and genetically related lithofacies are regarded as facies associations representing specific sedimentary systems (environments). Descriptive sedimentological terminology is according to Harms et al. (1982) and Collinson et al. (2006) . Lithofacies analysis was supplemented with paleontological and thin-section petrographic data using a Leica DM/LSP microscope at Ankara University.
For palynological data, the coal seams were systematically sampled from bottom to top at 10-50 cm intervals, depending on changes in coal macroscopic characteristics such as dullness and brightness. Some of the coal samples were taken from an underground coalmine operated by Karacaören Coal Enterprise. Coal samples were crushed and cleaned of silica, calcite, and organic components by washing in various acids (HCl, HF, HNO 3 , and KOH). For each sample, 1-4 slides were prepared and analyzed. Palynological slides were prepared by a standard technique at Dokuz Eylül University.
The mineral composition of the clay fraction was determined by XRD analysis using a Philips PW 1830 X-ray diffractometer at the laboratories of the Department of Mineral Analysis and Technology (MAT) of the General Directorate of Mineral Research and Exploration (MTA) in Ankara. Stable isotope analysis was conducted in order to determine the character of water (fresh, brackish, or saline) for the Late Miocene lacustrine deposits, with the sampling focused mainly on the vicinity of Balmahmut ( Figure 2B ). The isotopic content of δ 18 O and δ 13 C in ten samples was determined by using a MAT 261 model mass spectrometer (error ratio ±0.001‰) at the laboratories of the Geochemistry Department of Tübingen University. Samples were prepared according to the method of Longinelli and Craig (1967) . The δ 18 O isotope values were presented using the VPDB (Vienna Pee Dee Belemnite) standards.
Facies analysis of basin-fill succession
Fifteen sedimentary facies were distinguished in the basinfill succession of the Neogene Sinanpaşa Graben (Tables 1-3). They are described and interpreted in this section according to their stratigraphic grouping.
Early Miocene lithofacies
The Early Miocene is best exposed in the Çalışlar-Karacaören area in the NW part of the basin and around the village of Sinanpaşa to the SE ( Figure 2B ). Six lithofacies were distinguished in these early basin-fill deposits ( Table 1) .
Facies F1: matrix-supported conglomerate
Description -This lithofacies occurs at the basin margins and consists of dark yellowish red to reddish brown, thickbedded conglomerates with a mud-rich sandy matrix. Its occurrences are up to 10 m thick and show an erosional base. Gravel clasts are up to 20 cm in size, angular to subrounded and poorly sorted, of bedrock provenance (quartzite, mica schist, marble, and gneiss). Bedding is poor and often indistinct, with common bed amalgamation. Beds are around 1-2 m thick and lenticular in shape, with a strike-parallel extent of several tens of meters, laterally intercalated with the mudstones of facies F6 (see below).
Interpretation -The irregular bedding and lack of internal stratification, poor sorting, and matrix-supported texture with scattered 'floating' huge boulder blocks indicate that this conglomerate facies represents deposits of cohesive debris flows Shultz, 1984; Ghibaudo, 1992; Miall, 1996) , which may suggest an alluvial fan system.
Facies F2: clast-supported conglomerate
Description -This lithofacies consists of a clast-supported pebble conglomerate with the clast interstices filled with a muddy, medium-to coarse-grained sand matrix ( Figure 4A ). Gravel clasts are subrounded to well rounded and moderately to poorly sorted. Its beds are isolated, ranging in thickness from a few decimeters to a few meters, and have a lateral extent of a few dozen meters. This conglomerate lithofacies is sharp-based and typically overlain by sandstone lithofacies F3, F4, or F5 (see below).
Interpretation -The rounded clasts, clast-supported texture, and lenticular bed geometry with an erosional base suggest stream channel-fill deposits (Miall, 1996) . However, the lack of internal stratification and the weak to nonexistent normal grading suggest debris flows (Shultz, 1984; Smith, 1986; DeCelles et al., 1991) , perhaps slightly turbulent (Lawson, 1982) . The conglomerates of facies F2 are thus interpreted as the deposits of channelized hyperconcentrated flows (sensu Wasson, 1977 Wasson, , 1979 Nemec and Muszyński, 1982; Nemec, 2009 ).
Facies F3: planar stratified sandstone
Description -This facies consists of a planar parallelstratified angle up to 30-40°, fine-to medium-grained sand, commonly interlayered with silt and mud, and containing small scattered pebbles ( Figure 4B ). Its units are up to several meters in thickness and several dozen meters in lateral extent, reddish brown in color. The sandstones are moderately to well sorted, and the muddy interlayers in the upper part show desiccation cracks and plant root traces. This facies rests on the conglomerate facies F1 or F2 and underlies the ripple cross-laminated sandstones of facies F4 or the cross-stratified gravely sandstones of facies F5 (see below).
Interpretation -This facies is attributed to the deposition from shallow, nonchannelized and rapidly waning flash floods (McKee et al., 1967; Rust, 1978; Tunbridge, 1981; Stear, 1985; Ortega and Heydt, 2009 ). The notion of ephemeral, pulsating flash floods is strongly supported by the silt and mud interlayers, with desiccation cracks and plant roots at the top (Rust, 1978; Miall, 1996) . This interpretation also matches the inferred episodic emplacement of underlying conglomeratic facies F1 and F2 and may likewise indicate an alluvial fan setting (Nemec and Muszyński, 1982) . The depositing sheet flood flows were apparently too brief and/or too shallow to create dune-sized bedforms or deposition from bedload transport supported by planar stratified gravelly sandstones, while being too strong for the development of ripples (Harms et al., 1982) .
Facies F4: ripple cross-laminated sandstone
Description -This facies consists of reddish brown, fineto medium-grained sand, silt and mud with ripple cross- Table 1 . Description and environmental interpretation of the Early Miocene lithofacies in the Sinanpaşa Basin.
Facies
Description Interpretation
F1 -Matrixsupported conglomerate
Erosional base, lenticular geometry, dark yellow-reddish brown, clayey sandy conglomerate, muddy matrix, grain size between 2 mm and 20 cm thick and poorly bedded, poorly sorted, angular to subrounded, nongraded to poorly inversely graded, mostly mud matrix, also slightly coarse silt, fine sand and fine gravel matrix, several meters in lateral extent, up to 10 m thick, commonly intercalated with F6
Debris flow deposits Shultz, 1984; Ghibaudo, 1992; Miall, 1996) F2 -Clast-supported conglomerate Erosional base, clast-supported, medium-to coarse-grained sand and gravel deposits, muddy-sandy matrix, subrounded to well-rounded gravels, moderately to poorly sorted, a few decimeters to a few meters thick, several meters in lateral extent, overlain by sandstone F3-F4 and F5
Stream bar deposits (Shultz, 1984; Smith, 1986; DeCelles et al., 1991) F3 -Planar stratified sandstone Lenticular geometry, reddish-brown, horizontally stratified, fine-to-medium grained sand, silt, and clays with scattered fine-grained gravels, carbonate, clay and iron oxide matrix, moderately to well-sorted, normal grading, desiccation cracks and plant roots, 10-20 m in lateral extent, continues with F4 and F5
Floodplain deposits (Rust, 1978) 
F4 -Ripple crosslaminated sandstone
Lenticular geometry, reddish-brown, horizontally stratified, fine-to-medium grained sand, silt and clay, carbonate, clay and iron oxide matrix, symmetrical and asymmetrical ripples, less than 5 cm ripple width, locally partly planar cross-stratification, 10-20 m in lateral extent, alternating with F3 and F5
Lateral migration of currentwave ripples (Miall, 1977) F5 -Cross-stratified pebbly sandstone
Erosional base, lenticular geometry, reddish, coarse-grained sand with a few granule-pebble outsized clasts, clay-sand-fine gravel matrix, moderately to well-sorted, well-rounded, poorly bedded, planar and cross-stratification, desiccation cracks, current traces, containing dark colored levels rich in organic materials and coalified wood fragments, 10-15 cm layer thickness, 5-10 m thickness, commonly grading laterally and vertically into F4
Point bar deposits (Miall, 1977; Rust, 1978) F6 -Massive mudstone Reddish brown, massive or poorly laminated mud deposits, a few silty and fine-grained sandy levels, root casts and fragments, 4-5 m thickness, scores of meters in lateral extent, alternating with F1 Fluvial/fan-dominant facies, flood plain deposits (Miall, 1977) lamination. The matrix comprises carbonate micrite, clay, and iron oxide. These deposits have widespread outcrops in the NW parts of the basin, up to 10-20 m in lateral extent. Ripple forms are symmetrical to asymmetrical, including climbing ripples ( Figure 4A) , with a wavelength of less than 5 cm. Beds are lenticular in shape, up to 10-20 cm thick, alternating with the planar stratified sandstones of facies F3 and cross-stratified gravely sandstones of facies F5 (see below).
Interpretation -This facies, in its direct association with sheet flood sandstones (F3) and stream channel-fill pebbly sandstones (F5), is considered to represent waning floods with sand and silt/mud transport in the lowest power range of lower flow regime (Miall, 1977; Harms et al., 1982) . The small wavelength of ripples indicates weak flow, whereas climbing ripples indicate a relatively high rate of sediment suspension fallout (Jopling and Walker, 1968; Reineck and Singh, 1980; Harms et al., 1982) . 
F7 -Cross-stratified conglomerate-sandstone couplets
Erosional base, yellow orange, granule to boulder-sized clasts, medium to coarse-grained sandstone, moderately to poorly sorted, subangular to subrounded, clast-supported, cross-stratification in sandstones, high angle strata (45°), bedrock fragments and volcanic rock fragments belonging to Early Miocene, overlain by F8 Normal stream flow units (Smith, 1986) F8 -Coal bearing packages SF8.1 -Paleosol Subfacies: Sharp base, yellow reddish mudstone, paleosol interlayers between siltstones, sandstones and conglomerates, 40-70 cm thick, subangular to well-rounded clasts, web or micronodular caliche formations, crack fills, root tracks, manganese occurrences, presence of granular gypsum mineral, uneven erosional boundaries with F7 Floodplains of meandering rivers (Fielding, 1984; McCabe, 1984) SF8.2 -Matrix-supported conglomerate Erosional base, lenticular geometry, white-gray, monogenic gravels, carbonate sand and carbonate mud matrix, poorly sorted to unsorted, poorly to normally graded, complex internal structure, presence of block-sized grains, mudstone participation at the top and poor coal formations, 15-20 m total thickness, resting on SF1 and alternating with SF3 Debris flow deposits moving along an old slope (Gloppen and Steel, 1981) SF8.3 -Coal-bearing mudstone Dark brown blackish, laminated mud intercalation, coal layers of 5-15 cm thick, plant roots, 5 m of facies thickness, a few hundred meters in lateral extent, alternated with facies F11 and F12, and SF4 and SF5 are resting on SF3
Marsh conditions developing at the levee and floodplains of rivers (Miall, 1977; Fielding, 1984; McCabe, 1984) SF8.4 -Thinly interbedded sandstone and mudstone Erosional base, gray colored, approximately 10 m in thickness, coal fragments in different sizes (between 30-70 cm), alternating with SF3 A transition from the shallow marsh to a relatively deep lake environment (Eugster and Hardie, 1975) SF8.5 -Laminated mudstone Yellowish gray to gray, mud, silt and fine sand grain size, scattered fine pebbles, parallel laminated, fossilized plant roots, 20-50 m thick, alternating with SF4 Shallow lacustrine environment (Gierlowski-Kordesch and Rust, 1994) F9 -Rhizolith limestone Beige to gray packstones, N53°W/26°SW, micritic, bioturbation, fecal pellets, oncoid structures, desiccation cracks, abundant fossilized plant detritus, root remnants and traces, overlying F7 and F8
Carbonate sedimentation and freshwater conditions in lakeshores (Arenas and Pardo, 1999; Alçiçek et al., 2007) F10 -Clayey limestone Nonerosional base, tabular beds, white to light gray, massive, laminated interior structure, micritic, very fine polygonal desiccation cracks, iron staining, plant, gastropod and pelecypod fragments, a few centimeters and a few meters thickness, a few meters in lateral extent, overlying F9 Shallow and stagnant water conditions (Hardie et al., 1978) 
Facies F5: cross-stratified pebbly sandstone
Description -This facies, common to the NW of the town of Sinanpaşa ( Figure 2B ), consists of reddish gray, moderately to well sorted, trough cross-stratified sandstones with scattered rounded granules and small pebbles ( Figure 4B) . The cross-strata sets are 10-20 cm thick, stacked vertically into erosion-based lenticular lithosomes 5-10 m in thickness. They pass laterally and vertically into the ripple laminated sandstones of facies F4. In an outcrop section east of the town of Çalışlar ( Figure  2B ), the lithosome of facies F5 in its upper part shows desiccation cracks, coalified wood fragments, and blackish horizons rich in organic matter.
Interpretation: Trough cross-stratification indicates sand transport as 3D dunes in the uppermost power range of the lower flow regime (Harms et al., 1982) , whereas the lenticular geometry of erosion-based lithosomes suggests fluvial channel-fill deposits (Miall, 1977; Rust, 1978; Plint, 1983) . The accumulation of organic matter and occurrence of plant roots and desiccation cracks at the top of a lithosome indicates channel abandonment by avulsion (Miall, 1996) .
Facies F6: massive mudstone
Description -This facies has widespread outcrops near the basin margin to the NW of the town of Sinanpaşa ( Figure 2B ) and consists of reddish brown, massive or faintly laminated mudstone. It has a thickness of 4-5 m, extends laterally for scores of meters and alternates with the matrix-supported conglomerates of facies F1. The mudstone shows a few silty and fine-grained sandy levels with vegetation root casts and plant fragments.
Interpretation: The origin of this facies is attributed to slack water sedimentation in a stagnant water pond, probably a lake, up to 4-5 m deep and episodically vegetated. The intercalation with the debris flow deposits of facies F1 suggests an encroaching alluvial fan, which would indicate a basin margin lacustrine fan delta (cf. Larsen and Steel, 1978; . 
F11 -Bioclastic limestone
Tabular to lenticular beds (10 cm to a few meters thick), beige-white-light gray, wackestone-packstone, clayey marl and carbonate complex, parallel to the bedding planes, containing abundant ostracod and gastropod fragments, vadose silt structures, asymmetric cementation, desiccation cracks, very fine plant detritus and alveolar structure, alternating with F12 and overlain by F16 Shallow lacustrine zone with freshwater conditions (Siesser, 1973; Strong et al., 1992; Flügel, 2004; Beraldi-Campesi et al., 2006) F12 -Tuffaceous organicrich mudstone Light brown-gray, dark gray-black, mudstone with siltstone, fine-grained sandstones and fine-grained gravels belonging to bedrocks, containing tuffaceous material, plant detritus, mud cracks, desiccation cracks, organic materials, a few hundred meters in lateral extent (300 m), 210 m thick, alternating with F11 Shallow and low-energy lacustrine depositional environment (Dunagan and Turner, 2004; Beraldi-Campesi et al., 2006) F13 -Matrix-supported conglomerate Flat and nonerosional lower boundaries, granule-boulder clasts, ungraded to weakly inversely graded, poorly to very poorly sorted, subangular to subrounded, matrix-supported, mud and muddy sand matrix, 10-15 m in facies thickness, 40-60 cm bed thickness, a few tens of meters in lateral extent, alternating with F14, overlying F11 and F12
Debris flow deposits after the lake closure phase (Gloppen and Steel, 1981; Shultz, 1984; Ghibaudo, 1992) F14 -Clast-supported conglomerate Uneven erosional bases, lenticular beds, pinkish gray, granule boulder (2 mm to 5 cm) clasts, channeled structure, moderately sorted, thick-bedded, subangular to subrounded, clastsupported, poorly sorted sand and mud matrix, 10-15 m thick, N65°E layer strike, 15°NW dip direction, interbedded with F13 and F15
Channel fills of a braided river or longitudinal bar deposits (Shultz, 1984; Smith, 1986; Waresback and Turbeville, 1990; DeCelles et al., 1991; Benvenuti, 2003) F15 -Cross-stratified pebbly sandstone Erosional base, reddish brown, cross-bedded fine to coarse sand and pebbly sandstones, poorly sorted, low-angle (15°) strata, cross-sets ranging in thickness between 5 and 10 cm, 4-5 m thick, several dozen meters in lateral extent, interbedded with F14 Lateral transportation of bed load (Rust, 1978) 
Middle Miocene lithofacies
This younger part of basin-fill succession is exposed along the Afyon-Sandıklı road and around the village of Kırka in the southern part of the basin ( Figure 2B ). It comprises four main lithofacies.
Facies F7: cross-stratified conglomerate sandstone lithosome
Description -This facies consists of moderately to poorly sorted, poorly stratified conglomerates with subangular to subrounded, granule-to boulder-sized clasts, passing upward into cross-stratified, coarse-to medium-grained sandstone. The conglomerate has a clast-supported texture that changes laterally into sand-supported. Crossstrata are dipping at 45° toward the NW. In contrast to the Early Miocene fanglomerates (facies F1-F3 and F5) derived from basin margin rocks, the majority of gravel in this facies derives from volcanic rhyolites and Afyon metamorphic rocks. This lithosome has an erosional base and is approximately 4 m in thickness and around 10 m in lateral extent. It is overlain conformably by a coal-bearing succession described below as facies F8.
Interpretation: This conglomerate-sandstone lithosome is interpreted as channel-fill deposits, indicating a river system about 4 m deep, with sandy midchannel transverse bars migrating toward the NW (Miall, 1977 (Miall, , 1996 . The lateral transition of clast-supported to sand-supported conglomerates may indicate sideways development of hyperconcentrated flow (Nemec and Muszyński, 1982; Smith, 1986) or a falling stage lateral drainage of sand to the river channel (Stear, 1985; Ortega and Heydt, 2009 ).
Facies F8: coal-bearing basinal succession
This overlying succession has a thickness of 150-200 m and is well exposed along the main Afyon-Sandıklı road in the SW part of the basin ( Figure 2B ). Its full lateral extent is unknown but estimated as at least several hundred meters. The succession has been divided into five component subfacies ( Figure 5 ), which are described and interpreted below. 
Subfacies SF8.1: paleosol
This subfacies is a homogenized reddish layer of muddy fine-grained pebbly sandstone, 40-70 cm thick, with a cross-laminated silty sandstone at the base ( Figure 6A ), separating it from facies F7. Scattered gravel clasts are subangular to well rounded, derived from limestone and marble. It shows rusty plant root traces, desiccation cracks, manganese concentrations, and micronodular calcrete horizons. Mud-rich levels contain crystalline selenite gypsum. This subfacies pinches out toward the NE ( Figure  5 ) and is overlain by subfacies SF8.2 and SF8.3 (see below).
Interpretation -The channel-fill substrate (F7) and limited lateral extent indicate an aggradational, multilevel paleosol formed in an abandoned fluvial channel, rather than on a broad alluvial floodplain (Fielding, 1984; McCabe, 1984) . The lack of preserved coaly matter and the presence of calcrete and gypsum precipitation indicate an aridisol (Retallack, 2001) .
Subfacies SF8.2: matrix-supported conglomerate
This is a nongraded to normally graded, poorly sorted, matrix-supported, whitish gray monomictic conglomerate, 15-20 m in thickness. It has a lenticular shape and an uneven sharp base, and markedly thins laterally within a few hundred meters toward the NE. Gravel clasts are mainly pebble-sized but include scattered boulders more than a meter in length and are of bedrock limestone provenance. Matrix consists of limestone sand and mud. This thick conglomerate unit rests directly on subfacies SF8.2 and is overlain by subfacies SF8.3 (see below).
Interpretation -The matrix-supported massive texture with outsized floating boulders and the lenticular geometry of this conglomerate unit indicate a debris flow deposit, perhaps emplaced as two or more consecutive pulses (Gloppen and Steel, 1981; . Its direction of thinning suggests emplacement from the margin toward the basin axis.
Subfacies SF8.3: coaly mudstone
This sedimentary unit is 5 m thick and consists of alternating dark gray mudstones and coal layers, 5-15 cm thick. Some coal bands are laterally discontinuous, but at least five distinct coal layers are recognizable. The bases and tops of coal beds show locally synsedimentary microbrecciation. Coal beds are thinning toward both the NE and SW, passing laterally into plant-rooted muddy paleosols and microbrecciated coaly mudstones. These coals in the SW part of the basin can be correlated with those around the village of Karacaören in the NW part of the basin ( Figure 2B ). They are dark brown to blackish in color and intercalated with laminated mudstone containing a variety of plant root traces. The five coal-bearing mudstone units occur embedded in the whitish beige, stratified bioclastic limestones of facies F11 (see below). The dominant clay mineral is illite with a varying proportion of smectite, chlorite, kaolinite, and minor sepiolite. Coal layers show an admixture of clay minerals as well as detrital quartz, calcite, dolomite, and feldspar. Sporadically found are evaporitic microcrystalline gypsum and thenardite.
Interpretation -The characteristics of these coalbearing mudstones embedded in bioclastic limestones indicate deposition in floodplain mires that were subject to episodic evaporation and periodically flooded by lake waters of a bioclastic carbonate environment (cf. Fielding, 1984; McCabe, 1984; Sanz et al., 1994) . Such conditions may imply climatic changes, perhaps seasonal. The notion of periodic aridity is supported by the occurrence of sepiolite (cf. Karakaş et al., 2007) . The illite and most of the other clay minerals are of detrital origin, derived from the metamorphic bedrock, while smectite was produced by the alteration of feldspar (cf. Weaver, 1989; Kuhlemann et al., 2008) . Likewise, kaolinite usually forms by an intense chemical decomposition of feldspar and is transported as detritus.
Subfacies SF8.4: interlayered sandstone and mudstone
This subfacies unit overlies the previous one and is about 10 m in thickness ( Figures 6B and 6C ). It has a sharp erosional base and consists of an alternation of gray mudstone and light gray, fine-grained sandstone layers. It lacks coal interlayers but contains scattered coal fragments 30 cm to 70 cm in size. It interfingers laterally with the coal-bearing mudstone of subfacies SF8.3.
Interpretation -This sedimentary unit indicates an invasion of a noncarbonate, deeper lacustrine environment into the basinal floodplain mires. This interpretive notion is supported by the erosional base of the unit and by its content of large coal chunks indicative of peat mire destruction. The alternation of mud and sand indicates slack water sedimentation punctuated by floodderived sand sheet incursions. The subfacies evidence may indicate an intrabasinal lake-level rise and a lacustrine transgressional expansion in the basin.
Subfacies SF8.5: laminated mudstone
This is a unit of parallel laminated, gray to yellowish gray mudstone with scattered small pebbles and with fossilized plant roots. It has a thickness of 20 m to 50 m ( Figure  6B ), alternates with subfacies SF8.4, and is overlain by the rhizolith limestone of facies F9 (see below).
Interpretation -The deposition of this subfacies, with yellowish color bands and common plant root traces, indicates a shallow lacustrine environment periodically overgrown by vegetation (cf. Gierlowski-Kordesch and Rust, 1994) . The mud suspension and sporadic pebbles were probably derived by lakeshore floods. This subfacies, intercalated with subfacies SF8.4 and covered by facies F9, indicates a shallowing lake subject to climatic fluctuations.
Facies F9: rhizolith limestone
Description -This facies consists of grayish-beige limestones, is about 10 m in thickness, and has widespread outcrops around the village of Kırka in the southern part of the basin and the village of Kızılca in the northern part ( Figure 2B ). Limestone is mainly micritic, with small fecal pellets and animal burrows, and abounds in plant rhizoliths ( Figure 7A ). Observed also are oncoid structures and desiccation cracks. These rhizolith limestones have a wide lateral extent. They overlie the conglomerate sandstone lithosome of facies F7 and coal-bearing basinal facies F8 to the east and overlie unconformably the pre-Cenozoic bedrock in the southern part of the basin.
Interpretation: The rhizolith limestones (Cramer and Hawkins, 2009 ) indicate a phase of shallow carbonate lake frequently overgrown by vegetation, probably charophytes (Dodson, 1974; Pełechaty et al., 2013) . Desiccation cracks are evidence of episodic lake-floor emergence, whereas bioturbation structures and fecal pellets may indicate a lakeshore environment with increased freshwater conditions (Arenas and Pardo, 1999) . Fecal pellets suggest warm water and a low sedimentation rate (Flügel, 2004) . Oncoids and signs of sparitic cement indicate periodic high energy conditions, probably due to wind-generated waves in the shallow lake. Somewhat paradoxically, the basinal lake at this stage apparently expanded, covering even the bedrock to the south, while becoming dominated by shallow carbonate sedimentation frequently covered by vegetation and episodically drying out. On account of overlying facies F10 (see below), the lake water volume at this stage was apparently growing, while the flat basin floor and tectonic subsidence spread it shallowly across the graben and -with a "see-saw" effect of subsidence asymmetry -made the lake transgress over the basin's southern margin (cf. Ilgar and Nemec, 2005) . The rhizoliths and desiccation cracks reflect lake-level fluctuations, probably due to climatic changes.
Facies F10: clayey limestone
Description -This facies, exposed in the southern part of the basin, overlies the rhizolith limestones and consists of a whitish to light gray clayey to silty limestone, thinly bedded and mainly parallel laminated. Common are gastropod and pelecypod shells; some weakly developed, iron-stained paleosol horizons with plant root traces; and occasional horizons of small polygonal desiccation cracks. This facies unit has a thickness in the range of a few decimeters to several meters, and its base and top are conformable depositional surfaces.
Interpretation: This limestone facies indicates an increase in lake water thickness at the basin's southern margin, perhaps due to asymmetric subsidence of the graben floor (cf. Ilgar and Nemec, 2005) , accompanied by a greater influx of terrigenous clay and fine silt from the lake margins, probably due to rain wash and wave action (Hardie et al., 1978) . The sedimentation rate increased, and the lake level still fluctuated, but episodes of emergence were apparently shorter and less frequent. The carbonate lake water became sufficiently stable and refreshed to host gastropod and pelecypod fauna (Ghosh, 1987; Gierlowski-Kordesch, 2010) .
Late Miocene-Pliocene (?) lithofacies
This youngest part of the basin-fill deposits, comprising the Late Miocene and suspected Pliocene (undated), is exposed in both the northern and southern part of the basin. It forms a succession of five main lithofacies.
Facies F11: bioclastic limestone
Description -This unit of beige, parallel-bedded bioclastic limestone has a tabular to mounded geometry, ranging in thickness from several meters to several hundred meters. It crops out around the villages of Balmahmut, İğdeli, and Ayvalı in the NE part of the basin and around the village of Kırka in the SSW part ( Figure 2B ). This facies alternates with volcaniclastic rocks, mainly ignimbrites and ash tephra. The limestones are nodular in their lower part and alternate upward with layers of tuffite-bearing organicrich mudstones, 10-30 cm thick (facies F12), whereas their top part shows caliche layers and paleosols. Except for the top part, oncoid structures, ostracods, and gastropods are abundant. Limestone consists mainly of micrite (45%) and bioclasts (45%), with an admixture of oncoids (7%), lithoclasts (2%), intraclasts, and peloids (1%). It can be classified as wackestone-packstone (Dunham, 1962) . The δ 18 O isotopic values are negative, between -8.83‰ and -7.81‰. Some gastropod bioclasts underwent neomorphism and were replaced by sparicalcite. The top part of the limestone unit shows tiny plant root traces, alveolar structures, dissolution surfaces, vadose silt, asymmetric cementation ( Figure 7B ), and desiccation cracks.
Interpretation -This limestone facies was deposited in a shallow lacustrine environment with fresh water and high organic productivity (cf. Beraldi-Campesi et al., 2006; Sinha et al., 2006) . Oncoids formed in the lakeshore zone and were spread by storm waves and related currents, probably along the lake margin lying in a SSW to NNE direction. The bioclastic phase of sedimentation, with the intervening emplacement of volcaniclastic deposits, ended in increasingly more frequent lake floor exposure, desiccation, and vadose diagenetic processes (cf. Aristarain, 1971; Siesser, 1973; Strong et al., 1992; Flügel, 2004) .
Facies F12: Tuffaceous organic-rich mudstone
Description -This facies crops out around the village of Akçaşar in the NNW part of the basin (Figure 2B) , where it reaches a total thickness of 210 m (Metin et al., 1987) and can be followed laterally for about 300 m ( Figure  8 ). It consists of gray beige to light brown tuffaceous mudstone with scattered small bedrock pebbles and a few dark gray to blackish interlayers rich in plant detritus. Common are dispersed plant fragments, mud cracks, and soft sediment deformation structures such as small-scale synsedimentary faults and slump folds (Figure 8 ). Tuffite layers are finely grained, laminated, and well sorted. They consist of quartz, plagioclase, biotite, glass shards, opaque minerals, and lithic fragments embedded in a fine-grained, devitrified hypocrystalline matrix and are classified as crystal-lithic tephra (Fisher, 1966) . The bulk crystal and lithic content is around 50%-60%. This facies is interbedded with bioclastic limestone facies F11 and is overlain by conglomeratic facies F13 (see below).
Interpretation -This facies, intercalated with bioclastic limestone facies F11, was similarly deposited in a shallow lacustrine environment. It apparently represents the winddriven dispersal route of volcanic tephra in the basin area (Fisher, 1966; Kilian et al., 2003; Dunagan and Turner, 2004; Beraldi-Campesi et al., 2006) . The plant detritus was drifted by wind-generated water currents. Storm waves and/or river floods spread the scattered bedrock pebbles from the lakeshore zone. The soft sediment deformation features may be a record of seismic shocks that accompanied the volcanic activity.
Facies F13: matrix-supported conglomerate
Description -This facies crops out around the villages of İğdeli and Akçaşar in the northern part of the basin (Figure 2B) , where it is 10-15 m thick but poorly bedded and can be followed laterally for only a few dozen of meters in the exposures. It consists of a poorly sorted, matrix-supported, immature massive conglomerate that is nongraded to weakly inversely graded. Gravel clast sizes range from granules up to boulders around 100 cm in length. Matrix varies irregularly from mud to muddy sand. This facies overlies the bioclastic limestones of facies F11 and tuffaceous mudstones of facies F12, and is interbedded with the clast-supported conglomerates of facies F14 (see below).
Interpretation -The textural character of this facies indicates deposition as a cohesive debris flow (cf. Gloppen and Steel, 1981; Shultz, 1984; Ghibaudo, 1992) . Its emplacement at the top of shoaling upward lacustrine deposits suggests a mass-flow capping of the lake-fill succession, whereas its lateral interfingering with facies F14 (see below) implies multiple debris flow pulses.
Facies F14: clast-supported conglomerate
Description -This facies comprises pinkish gray, thick-bedded and moderately sorted clast-supported conglomerates composed of subangular to subrounded bedrock clasts, granules to pebbles. It lacks volcanic intercalations. These amalgamated conglomerates are best exposed around the villages of İğdeli and Akçaşar in the northern part of the basin (Figure 2B) , where they reach a total thickness of about 10-15 m. Their amalgamated units are up to 2-3 m thick, with concave-up erosional bases and a lenticular geometry and are best distinguishable where intercalated with facies F13. Clast interstices are filled with a mixture of mud and poorly sorted sand. Internal stratification is mainly subhorizontal and not very distinct, but the alignment and local imbrication of clast b-axes indicate a tractional fabric and transport toward the NW.
Interpretation -The scour-based lenticular units and internal characteristics of these conglomerates indicate deposition in a system of unstable, laterally shifting braided-stream channels, about 2-3 m deep, filled in by an aggradational stacking of low-relief longitudinal bars (cf. Miall, 1977; Waresback and Turbeville, 1990; DeCelles et al., 1991; Nemec and Postma, 1993; Benvenuti, 2003) . The lateral intercalation of facies F14 with the debris flow facies F13 suggests that they both represent alluvial deposits that eventually covered the drying-out basinal lake, involving both a basin margin system of alluvial fan debris flows and a basin axis system of distributary braided streams.
Facies F15: cross-stratified pebbly sandstone
Description -This facies interfingers with the conglomerates of facies F14 and dominates toward the top of the basin-fill succession. It consists of grayish-brown, poorly sorted, cross-stratified pebbly sandstones. Its units have erosional bases and are up to 4-5 m in thickness but can be followed laterally over only a few dozen meters due to outcrop limits. The thickness of cross-strata sets is 5-10 cm, indicating small dunes, and their foreset dip direction is mainly toward the SW.
Interpretation -This facies indicates the gradual development of a perennial, SW-directed fluvial drainage system in the graben basin, with river channels 4-5 m deep (cf. Miall, 1977; Rust, 1978) . The cross-strata indicate a vertical stacking of dunes in the form of transverse or oblique channel bars or midchannel sandflats (Miall, 1977; Nemec, 1992; Todd, 1996 ). This drainage system may have been a wet type (humid) alluvial fan or braidplain (Nemec, 1992; Collinson, 1996) that extended from the basin margin by replacing its debris flow-dominated system (facies F13) and was initially interfingering with the basin axis braided stream alluvium (facies F14).
Paleoenvironmental stratigraphic interpretation
Based on the depositional processes indicated by the individual sedimentary facies and their spatial grouping, six lithofacies associations have been distinguished in the basin outcrops and interpreted as representing specific depositional environments. These facies associations (FAs) are given short informative genetic names, but their descriptions are separated from interpretations in the text. They are reviewed in the present section according to their stratigraphic organization.
Early Miocene environments
The Early Miocene deposits crop out between the villages of Çalışlar and Güneyköy in the NW part of the basin (Figure 2B) , where they unconformably overlie the bedrock. They comprise two main facies associations, representing different zones of a basin margin alluvial fan environment.
FA1: proximal to medial alluvial fan deposits
This facies association consists of the reddish brown matrix-supported conglomerates of facies F1, clastsupported conglomerates of facies F2, planar stratified sandstone of facies F3, cross-stratified gravelly sandstone of facies F5, and massive mudstone of facies F6 (Table 1) . Their assemblage has a thickness of 50-60 m and extends laterally for a few hundred meters. The stratigraphic succession commences with facies F1, shows alternation of facies F2-F3-F5 and terminates with facies F6, while passing laterally into the deposits of FA2 (see below).
This facies association represents deposits of a proximal to medial alluvial fan system that initially involved debris flows, became increasingly dominated by sheetflood and streamflow processes, and was eventually impinged onto by a basinal lake (cf. Rust, 1979; Beraldi-Campesi et al., 2006) . This evolutionary trend of the environment implies an increasing climatic humidity, with a greater role of flowing water and the formation of a growing intrabasinal lake, which may indicate a mass flow-dominated alluvial fan turning into a stream-dominated lacustrine fan delta transgressed by the expanding lake (cf. Nemec and Steel, 1988) .
FA2: distal alluvial fan deposits
This facies association, lateral to FA1, comprises the massive mudstone of facies F6, cross-stratified gravelly sandstone of facies F5, ripple cross-laminated sandstone of facies F4, and planar stratified sandstone of facies F3 (Table 1) . The deposits alternate and reach a thickness of up to 150 m. Common are paleosol horizons with plant root traces.
The relatively greater thickness of this lateral facies assemblage, its dominance by water-lain deposits, and its intercalation with lake mudstones (F6) are all compatible with the notion of a stream-dominated, distal alluvial environment (Collinson, 1996; Abdul Aziz et al., 2003) , probably forming a lacustrine, shoal water fan delta (Nemec and Steel, 1988) . The evidence of water-lain facies and abundant carbonized plant fragments and their fossilized traces within a carbonate matrix are consistent with the notion of climate humidity and growth of an intrabasinal lake.
Middle Miocene environments
The Middle Miocene deposits crop out at the southern margin of the basin (Figure 2B) , where they unconformably overlie the basin margin bedrock. Asymmetrical subsidence of the graben floor in the Mid-Miocene apparently shifted the basin depocenter toward the southern margin of the tectonic graben. The following two main FAs have been distinguished in this Mid-Miocene sedimentary succession.
FA3: basin axis alluvium
This FA is up to 150-200 m in thickness and forms the lower part of the Middle Miocene sedimentary succession. It consists of the conglomerate sandstone lithosomes of facies F7 alternating with the coal-bearing packages of facies F8 (Table 2) .
The deposits constitute a basin axis alluvium with the conglomerate sandstone lithosomes (F7) representing avulsive fluvial channels and coal-bearing mudstonesandstone packages (F8) representing an overbank floodplain environment with water ponds, peat-forming mires, river-derived flood sheets, and crevasse splays (cf. Belt et al., 1984; McCabe, 1984; Collinson, 1996; Günen and Varol, 2010) . The interbeds of matrix-supported conglomerates (subfacies SF8.2) are debris flow deposits derived from the basin southern margin and testifying to its contemporaneous tectonic relief. The Mid-Miocene graben tectonics had apparently shifted the basin depoaxis close to its southern margin.
FA4 intrabasinal lake deposits
This facies association overlies FA3 and comprises the rhizolith limestone of facies F9 passing upward into the clayey limestone of facies F10 (Table 2 ). These deposits have a bulk thickness of around 50 m thick but can be followed laterally only over a few dozen meters due to the limited exposure. The micritic facies F9 shows widespread calcification of plant stumps and roots, bioturbation, transported coated root fragments, oncoids, intraclasts, and fecal pellets.
The upward transition from rhizolith limestone to clayey limestone signifies an initial expansion of a shallow and richly vegetated intrabasinal carbonate lake and its subsequent transformation into a deeper carbonate lake with abundant clay supply. Facies F9 indicates a shallow lake environment with some internal hydraulic transport, probably driven by wind, and with a frequent input of fresh water, but with a heavily plant-colonized shoreline that acted as a filter preventing delivery of even clay sediment (cf. Hardie et al., 1978; Ghosh, 1987; Arenas and Pardo, 1999; Alçiçek et al., 2007) . The growing lake became eventually too deep for plant growth, while forming a clastic shoreline that permitted the delivery of clay (facies F10).
Late Miocene-Pliocene environments
The Late Miocene to Pliocene deposits crop out near Balmahmut in the NNE part of the basin and around Kırka at the basin's southern margin ( Figure 2B ). They comprise two main FAs and represent an intrabasinal shallow lacustrine environment gradually buried by basin margin alluvial fan systems, poorly dated.
FA5: shallow lake deposits
This FA overlies the Middle Miocene deposits with local unconformities and comprises the bioclastic limestone of facies F11 and the tuffaceous organic-rich mudstone of facies F12 (Table 3) . It has a thickness of up to 220 m (Metin et al., 1987) and can be followed laterally within the outcrop limits for several hundred meters. Notable are desiccation cracks, asymmetric cementation features, and vadose silt structures, as well as freshwater gastropods (including Lymnaea peregrina Deshayes and Melanopsis cf. sabba).
These deposits indicate a shallow freshwater lake environment with high organic carbonate productivity, stirred by wind-generated wave action and evolving gradually into a tuffaceous muddy lake with abundant coastal vegetation and mires (cf. Siesser, 1973; Strong et al., 1992; Flügel, 2004) . The rhythmic pattern of thin organic layers with vadose horizons in facies F11 and plant detritusrich layers in facies F12, may sedimentologically indicate regional climate seasonality with a general cooling trend (cf. Arenas and Pardo, 1999; Dunagan and Turner, 2004) .
FA6: alluvial fan deposits
This uppermost FA, well developed in the northern part of the basin, crops out around the villages of Akçaşar and İğdeli ( Figure 2B ). It reaches a thickness of up to 50 m and consists of the matrix-supported conglomerates of facies F13, clast-supported conglomerates of facies F14, and cross-stratified pebbly sandstones of facies F15 (Table 3) . Outcrops allow following the deposits laterally over a distance of a few hundred meters. This assemblage of facies and its occurrence near the basin's northern margin indicate a margin-sourced alluvial fan system with a debris flow-dominated proximal part and a streamflow-dominated medial to distal part (cf. Gloppen and Steel, 1981; Shultz, 1984; Beraldi-Campesi et al., 2006) . The alluvial fan system prograded over the intrabasinal shrinking lake, initially as a fan delta, and eventually buried the lacustrine deposits.
Interpretation of paleoenvironmental changes
The spatial distribution and stratigraphic arrangement of Miocene FAs (sedimentary paleoenvironments) in the Sinanpaşa Basin are attributed to the graben contemporaneous tectonic activity (Figure 9 ) combined with inferred regional climate changes. The fault-driven main tectonic subsidence in the graben was apparently shifting from its northern margin ( Figure 9A ) to the southern margin ( Figure 9B ) and back to the northern margin ( Figure 9C ), while the regional climate grew cooler and more humid, probably acquiring its modern mode of seasonality (see the preceding sedimentological interpretation of facies and their paleoenvironmental associations).
Volcanic deposits
The Neogene volcanism in the Afyon Zone commenced with the potassic Seydiler ignimbrite (Keller and Villari, 1972; Aydar, 1998) in the Early Miocene, dated to 17.8 ± 0.6 Ma by Yalçın (1988) and to 18.6 ± 0.5 Ma by Anderson (1997) . The Middle Miocene alluvial fan and fluvial deposits (FA3) covered the ignimbrites. According to Aydar and Bayhan (1995) , the Afyon volcanism accompanied the tectonic development of the Afyon Zone grabens, including the Sinanpaşa Basin, and involved formation of a stratovolcano active in the Early to Middle Miocene (dated to 14.8-8 Ma; Besang et al., 1977) . The products of this volcanic activity had a major depositional and chemical impact on the intrabasinal lacustrine environment. They crop out in the NE part of the Sinanpaşa Basin, particularly around the village of Balmahmut and along the Afyon-Sandıklı main road ( Figures 2B and 10) , and their main varieties are reviewed briefly in the present section.
Pyroclastic ignimbrites
The Seydiler ignimbrite succession (Figure 3) commences with poorly sorted, inversely graded beds of welded pumiceous rhyolitic airfall tuffs (Figures 11 and 12) and passes upward into dark brown volcanic breccias with clast sizes of 10 cm to 200 cm, apparently derived by a fluidization ejection of chimney material (Fisher, 1960 (Fisher, , 1966 Druitt and Sparks, 1982) . The amalgamated beds of welded autoclastic breccia contain pressure-crushed lava blocks, and some are rich in pumice. They pass distally into lahars, indicating a secondary rain-triggered and relief-related resedimentation.
Pyroclastic airfall tephra
These deposits are 0.5-4 m thick and consist of volcanic ash, lapilli, and volcanic bombs 2-30 cm in size (Figures 10, 12,  and 13 ). The thin-to medium-bedded ashfall tephra overlie shallow lacustrine deposits with caliche layers and intercalate with mollusk-bearing lacustrine layers, which suggests at least partly subaqueous accumulation. They are nonwelded to moderately welded and occur also as intercalations in the overlying coarse-grained deposits of volcaniclastic flows (Figures 10, 12, and 13 ). 
Volcaniclastic flow deposits
These deposits include several varieties, ranging from products of volcaniclastic debris flows (lahars) to autobrecciated lava flows and variously welded products of pyroclastic currents (surges), fully or partly turbulent. The main varieties are reviewed briefly in this section.
Laharic deposits
These deposits are nonwelded, poorly sorted, matrixsupported volcaniclastic diamictites containing scattered blocks of rhyolite and latite up to 5-10 m in length . Synsedimentary normal faults are common (Figures 10, 14, and 17) , confirming contemporaneous tectonic activity of the graben margin. Beds are lenticular, 1-10 m in thickness and internally massive (nonstratified). Some beds, or their parts, show a weak coarse-tail normal grading and large block imbrication (Figure 15 ). Angular to subangular clasts dominate, but up to 25%-30% of gravel clasts are subrounded to rounded. Bed bases vary from slightly erosional to nonerosional and are commonly loaded, particularly where overlying finer grained airfall tuffs.
The deposits are attributed to lahars, volcanic debris flows containing water (Fisher, 1960 (Fisher, , 1966 Takahashi, 1991; Vallance and Iverson, 2015) . Volcaniclastic diamictites are commonly reported from stratovolcanoes and their surroundings (e.g., Vessel and Davies, 1981; Smith, 1987a Smith, , 1987b Pierson et al., 1992) . The flows were probably derived from the nonwelded or little welded portions of the volcano eruption piles of tephra and fluidization autoclastic breccias and were triggered by rainfalls combined with synsedimentary faulting. The coarse-tail normal grading and local imbrication of volcanic blocks indicate that some of the lahars were sufficiently watery to develop large-scale turbulent churning (cf. Nemec and Muszyński, 1982) .
Pyroclastic base surge deposits
These deposits are a series of thin to medium thick (10-60 cm) tabular beds with uneven erosional to nonerosional bases, forming packages of up to 10 m thick and sandwiched in the other volcaniclastic deposits. Their beds vary from nonwelded to weakly welded and show a wide range of varieties: (1) normally graded and fully stratified beds with planar or undulating parallel stratification;
(2) parallel stratified beds with a laterally discontinuous massive (nonstratified) and normally graded lower part; and (3) beds with a planar stratified lower part and a massive upper part (Figures 15-18) . The massive parts of beds consist of poorly sorted volcanic debris, 10-50 cm in size, whereas their stratified parts are better sorted and generally no coarser than lapilli but include sporadic bombs (cobble-sized volcanic clasts). The volcanic debris is mainly angular to subangular and the matrix is volcanic ash.
These deposits are interpreted as products of pyroclastic density currents (Nemec et al., 1998; Branney and Kokelaar, 2002) , or ground surges (Fisher, 1960 (Fisher, , 1966 Druitt and Sparks, 1982) , attributed to the collapsing of the volcano eruption column. The bedding architecture implies series of closely successive, erosional to weakly erosional pyroclastic surges (cf. Fisher, 1966) with variable rheological behavior. Beds of type (1) indicate fully turbulent currents with a tractional deposition of volcanic sediment in the upper flow regime (Harms et al., 1982) . Beds of type (2) indicate tractional currents overrunning their weakly turbulent basal parts, whereas beds of type (3) indicate a dense, weakly turbulent or nonturbulent current (pyroclastic debris flow) overriding deposits of its faster moving and fully turbulent head part.
Lava flow deposits
These deposits occur near Balmahmut in the NE part of the basin (Figure 2B) , where they form thick beds composed of well-welded autoclastic lava debris ( Figure 17) . They overlie or intercalate with volcaniclastic lahar deposits. The solidified lava fragments are mainly angular, up to several meters in size, commonly showing a multiple breakage. To this category of deposits belong also the vent-derived, variously welded fluidization autoclastic breccias ( Figures  12 and 13) .
Discussion

Sedimentary paleoenvironment
The Sinanpaşa Basin formed as a Miocene graben in the extensional tectonic region of West Anatolia (Koçyiğit and Deveci, 2007b) . It was bounded by arrays of normal faults developed within the Akşehir-Simav Fault System (Figure 1; Koçyiğit, 1984) . The extensional regime resulted from the collision of the Africa and Eurasia plates by the closure of the Neotethyan oceanic branches in the Late Cretaceous to Paleocene (Dewey and Şengör, 1979; Şengör and Yılmaz, 1981; Şengör et al., 1985; Dewey et al., 1986; Göncüoğlu et al., 2000) . The Late Paleocene to Early Miocene latest phase of crustal shortening and thickening was followed by a structural collapse of Anatolian orogenic belts, enhanced by the westward tectonic expulsion of West Anatolia (Dewey, 1988; Seyitoğlu and Scott, 1992; Koçyiğit et al., 1999; Bozkurt and Sözbilir, 2004; Alçiçek, 2007) . The timing of the onset of the postcollision extensional tectonism is controversial. Several authors (Savaşçın, 1990; Yılmaz, 1990 ) have claimed that the N-S compressional regime in West Anatolia changed into a N-S extensional regime after the middle Late Miocene. However, Seyitoğlu and Scott (1992) stated that the orogen collapse following compression started in the Late Oligocene-Early Miocene. The formation of tectonic grabens in West Anatolia is widely thought to have commenced in the late Early Miocene (Koçyiğit et al., 1999; Bozkurt, 2000; Gürer et al., 2001; Koçyiğit, 2005; Alçiçek, 2007; Alçiçek, 2010) .
The development of the Sinanpaşa Basin and its paleoenvironmental sedimentation pattern were controlled by the graben boundary faults, with an asymmetrical subsidence shifting the depocenter from one graben margin to the other (Figure 9 ). A similar "seesaw" pattern of asymmetrical subsidence and intrabasinal environmental shifts has been recognized in other terrestrial tectonic grabens (e.g., Ilgar and Nemec, 2005) . The syndepositional tectonics and climate had the greatest impact on the accommodation of the intrabasinal lake environment.
The onset of sedimentation in the Sinanpaşa Basin, with alluvial lacustrine deposits and a first pulse of volcanic activity, was similar as in the other adjacent grabens, such as the Bigadiç-Balıkesir Basin (Helvacı, 1995) , Uşak-Güre Basin (Karaoğlu and Helvacı, 2012) , Emet-Kütahya Basin (Helvacı, 1977; Baş, 1986; Helvacı et al., 2017) , Kırka-Eskişehir Basin (Helvacı and Orti, 2004) , Afyon Basin (Aydar, 1998; Akal et al., 2013; Prelevic et al., 2015) , and Şuhut-Sandıklı Basin (Koçyiğit and Deveci, 2007b; Gündoğan et al., 2012) . Similar to neighboring grabens, the Sinanpaşa Graben basin has been filled by fluvial alluvial fan deposits (first sedimentary products) since the Early Miocene. The emplacement of volcanic products in the present case is attributed to the Afyon stratovolcano and related vents, which continued to be active in the Middle to Late Miocene (Aydar and Bayhan, 1995; Aydar, 1998; Akal, 2003; Akal et al., 2013) . Researchers widely agree that extensional graben seismotectonics continued to be active in the region until the Middle Pliocene (Bingöl, 1977; Gündoğdu, 1984; Yalçın et al., 1985; Floyd et al., 1998; Helvacı and Orti, 1998; Helvacı and Alonso, 2000; Koçyiğit et al., 2000; Koçyiğit and Özacar, 2003; Deveci, 2005, 2007b) .
The main chemical impact of volcanism and related hydrothermal activity was the lacustrine deposition of borates and other B-or U-bearing evaporites, which are important commercial resources in several areas of the region (Meixner, 1965; Helvacı, 1977 ). The regional climate had gradually drifted from semiarid, with playa lakes refreshed by episodic torrential rains, to a cooler and more humid mode with the development of peat-forming mires, and the environmental fluctuation from aridity to humidity would be sign of the seasonal alternations through Middle Miocene time. The deposition of lignite beds was coeval or alternating with the formation of evaporites (Akgün, 1993; Helvacı and Yağmurlu, 1995; Helvacı and Alonso, 2000; Akkiraz et al., 2012; Helvacı, 2015) . The available Ar-Ar radiometric dates indicate, in fact, that most of the economic lignites in West Anatolia commenced their formation in the Early Miocene (e.g., Purvis et al., 2005; Ersoy et al., 2014; Helvacı et al., 2017) . However, the presence of the swamp forms of the family Nyssaceae in the study area as well as the Alnus, Quercus, Castanea, Anacardiaceae, and Araliaceae forms representing a mixed forest environment points to the Middle Miocene. The traces of Middle Miocene Climatic Optimum are supported with the evaporite occurrences in Turkey (Varol et al., 2016) . However, data indicating aridity are not recognized in the study area. Although the sedimentation rate is balanced by the rapid sedimentation of the lake, field observations suggest that the volcanic and tectonic activities developed quickly and led to high enough deposition rates to fill shallow lakes ( Figure 19) .
Volcanism
The available isotopic dates of the lavas and pyroclastic deposits of Afyon volcanism indicate that the volcanic processes were active in the Middle to Late Miocene (14.75 ± 0.3 Ma to 8.0 ± 0.6 Ma according to Besang et al., 1977;  14.23 ± 0.09 Ma according to Akal et al., 2013) . This notion was supported by Becker-Platen et al. (1977) on the basis of vertebrate remains and plant spores in the contemporaneous sedimentary deposits. The isotopic dating of volcanic rocks in West Anatolia is still sparse, but a broader range of biostratigraphic studies in the region have indicated that the Afyon volcanism and some other local volcanic centers may have commenced their activity in the late Early Miocene (e.g., Alçiçek, 2007; Alçiçek et al., 2007; Alçiçek, 2010) . The wide range of volcanics, from rhyolitic and trachytic to trachyandesite lavas and volcaniclastic deposits, suggests a long-lasting volcanism. Aydar (1998) pointed to several volcanic calderas in the Serban area to the SE ( Figure 2B) , directly preceding the "lake period" in West Anatolia (cf. Alçiçek, 2010) .
The emplacement of laharic diamictites was probably due to the piling up of eruptive pyroclastic deposits and was instigated by rainfalls and active fault escarpments (Smith, 1991; Palmer and Shawkey, 2001) . Lahars would normally signify periods of a volcanic quiescence or near quiescence.
Conclusions
The Sinanpaşa Basin formed as a tectonic graben in the Early Miocene and remained active probably until the Pliocene. The present study has reconstructed the paleoenvironmental and paleogeographic history of the graben based on a detailed sedimentological analysis of basin-fill deposits, best exposed at the graben's northern and southern margins. The sedimentary paleoenvironments recognized in the graben range from basin margin alluvial fan systems and basin axis fluvial distributary systems to an intrabasinal shallow lake environment surrounded by peat-forming mires, changing from carbonate to more clayey, episodically evaporitic, and shifting its shorelines considerably. The spatial distribution and stratigraphic stacking of these paleoenvironments indicate the main controlling role of climatic changes and an asymmetrical "see-saw" tectonic subsidence of the graben floor.
Another important component of sedimentation in the graben was volcanism, which probably commenced in the late Early Miocene and was related to the development of the Afyon stratovolcano. Its products -accumulated mainly at the graben's northern margin -include variously welded (ignimbrite) pyroclastic airfall and ground-surge tephra, vent-derived volcanic fluidization breccias, autoclastic lava flow breccias, and lahars (water-bearing volcaniclastic debris flows). The volcanic deposits made the intrabasinal lake compete for accommodation, while the ash tephra and related hydrothermal activity had a major impact on the lake water chemistry. B-and U-bearing evaporites formed episodically in drying-out lakes, reaching economic accumulations in several of the adjacent sister grabens.
The Sinanpaşa Basin is a typical and fairly representative example of the Miocene tectonic grabens of West Anatolia. The sedimentation model for the Sinanpaşa Basin suggested by the present study may serve as a tentative reference case for the region's numerous tectonic sister grabens, helping to understand their internal sedimentation conditions, environmental changes, and lithostratigraphic organization.
